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CHAPTER I 
INTRODUCTION 
Roads are paths developed throughout a countr.y to facilitate 
the movement o! persons and the exchange of commodities. The motives 
for the !ormation of roads are found in the inquisitiveness o! man and 
his desire for intercourse with his fellows; in the necessity o! 
obtaining provisions for his sustenance in times of scarcity; and in 
the desire to gratity his fancies with the products of other 
localities. The primar.y object of the ancient road was to facilitate 
the movements of troops rather than !or the development o! commercial, 
industrial, agricultural ani social interests.. This vas the primary 
reason !or development o! such famous roads as the Appian Way. At the 
present time the benefits o! improved highways may be listed as follows: 
development o! commerce, development of industr.y, development of 
agriculture and natural resources, development of intellectual and 
social life, development ot recreational facilities, increase in land 
value, increase in sanitary ani medical protection and better defense 
of the nation. 
Due to new necessities and the development of new modes of 
transportation, the original foot and pack trails were gradually 
cleared and widened to permit the passage of vehicles, but it was not 
until after the year 1792 that stone-surfaced roads began to appear 
outside o! cities and towns in the u.s. Even after that, it was not 
rare to see impassable roads; carriages instead of passing over the 
roads plowed them. To correct this condition various means of con-
struction were used, various surfacing methods were tried but ulti-
mately it was realized that good roads are entirely dependent upon the 
soils that must eventual.l.y carry the load. With this realization, 
attention was directed to the different mechanical properties of 
various soil types and different mixtures. 
With an accumulation of data from various engineers and highway 
departments a tundamental uniform classification of subgrade soils 
was tentatively announced by the Public Roads Administration in 1930. 
This helped the mgineer to make fairly accurate determinations of 
the c:Lass or the soil involved, and to relate this information to the 
soil characteristics. Soil surveys are intended to determine the 
type of' soils to be encountered, .t"rom which the characteristics of 
the subgrade material may be predicted. Stability and drainage are 
two or the soil characteristics that have to be checked most closely. 
Usuall.y these two characteristics are related. Stability essentially 
means resistance to movement. under different. ·conditions of moisture 
content or applied load. Stability or the subgrade material is 
certainly a very important factor in design. Consider a subgrade 
material that shrinks ani swells, these characteristics indicate a 
soil that is not capable of supporting superimposed loads. The 
question then arises, what will be the most suitable method of' trans-
forming such a material into a sound stable subgrade material. Here 
the term "stabilized road" becomes significant.. Stabilisation refers 
to any method which will hel.p obtain a stable aubgrade base. These 
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methods may be: 1. Mechanical compaction; 2. Granular stabilization; 
3. Stabilization obtained by mixing local soil with co.nmercial 
stabilizers such as calcium chloride, bitumen, Portland cement, or 
other chemicals. 
As a study of all types of stabilization would be very lengthy, 
it was decided to make the object of this research the determination 
of the effect of the addition of different percentages of calcium 
oxide (CaO) ani calcium hydroxide Ca(OH) 2 on the physical 
characteristics of a silty swelling sodium montmorillionite cl.a.y. The 
purpose of this addition is to nocculate the clay by utilizing a base 
exchange between the sodium and calcium ions, and thus change the 
physical characteristics of the soil. The soil by itself has the 
characteristics or a fat clq, that is it can be broken but not 
crushed or pulverized by hand; when partially dried the material is 
plastic but very hard to remove trom one's hands, also cohesion is 
pronounced in such soils. 
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The physical properties of the soil were determined by per-
forming certain laboratory tests. Then calcium hydroxide and calcium 
oxide was added separately to the soil in the amounts of 2, 4, 6 
percent. Alter the previously mentioned addition the laboratory tests 
were repeated and changes in the soil characteristics observed. The 
properties chosen for comparison were: Liquid Limit, plastic limit and 
subsequently the plastiei ty index; shrinkage limit; shrinkage ratio; 
unconfined compressive strength; cohesion and angle of internal 
friction. 
CHAPTER II 
REVlli'W OF LITERATURE 
Soil stabilization started out as an art. Many of the 
principles of the art were known before World War I, but fell into 
JB,rtial or complete oblivion during the rush of building high-type 
bitumino~s and portland cement concrete roads in the Twenties. The 
Thirties brought a revival of interest in the soil stabilisation with 
rediscovery of forgotten principles and with deve1opment of new 
techniques and new theoretical concepts. Organization of the science 
of soil stabilization presupposes agreement on the physical meaning 
of the terms: Soil, soil-stability and soil-stabilization. 
The admixture of lime on different types of soil to form 
cementious subst~ es was practiced before the dawn of clearly recorded 
history. The practice has continued right up to the present day. 
Perhaps the Roman use of thoroughly compacted mixtures of lime and 
natural soil materials to form the subbase of the Via Appia most 
nearly represents the proposed modern adaptation. In consideration of 
the indications of laborator,y tests, and from experience with a 
number of projects constructed within the last two years it is pro-
posed to improve the stability of certain highway subgrades and 
n exible base materials by the admixture of s.ma.ll percentages of 
hydrated lime, followed by adequate densitication and curing. 
In the United States soils have been used principally in 
combination with portland cement to meet special requirements. The 
reason that stabili zati on with lime has been practiced very little is 
obscure. Possibly such mixtures haYe been mentally identified with 
nondensified, friable, relatively cohesionless, sand-lime mortars. 
Natural subgrade soils and flexible base materials will be suitable for 
lime treatlllent provided su.tficient strength and stability may be 
achieved with an economical quantity o.r lime. It is not necessary that 
the mixtures develop the strength exp.cted o.r concrete, but only that 
their strength and any other characteristics relating to stability be 
su.tficient for the intended use. The .facts should be determined by 
means of physical tests on the identical mixtures proposed .tor use. 
Compression tests both unconfined and tri-axial, o.r.rer excellent 
possibilities .tor evaluating the characteristics o.r lime treated 
alxt.ure•. 
In the Materials and Testa Division o.r the Texas Highway 
Department, the earlier laboratory tests were unconfined compression 
tests, reported in terms o.r ultimate compressive strength. Later, a 
tri-axial compression test procedure was developed. At the end o.r 
the tests it was concluded that: 
1. Soil-lime stabilization has a definite application in 
highway construction tor the improvement or certain subgrade and 
fiexible bue aterials. 
2. Many natural soils are suited to lime stabilization. The 
identioal materials proposed for use should be subjected to preliminar.y 
physical testa. 
3. Good proportioning and mixing of constituents are 
advantageous. 
4. Compacting moisture should be at or slightly below optimum 
moisture content for the compactive effort employed. 
5. A high degree of compaction is or critical im.portaooe. 
6. Suitable curing procedures are important. 
7. Application or a wearing surface is desirable (1). 
Studies have shown that a condition of minimum shear resistance 
is not always the only design criterion. The reverse condition, im-
p4ri.ng the possibility of differential raising of the structure instead 
of the more coDIJlOn differential. aiDking of the structure ma;y be of even 
greater importance. Whether design should be based on the former or on 
the latter or on both possibilities, depends on the nature of the 
materiala comprising the unit structure and on the external. climate. 
The phenomenon to be measured and controlled is the effect of a change 
in internal-pressure conditions resulting in swelling pressure. 
The seat ot swe1ling is, more generally, in any clay material 
present ani swelling pressure is liberated when dry clay- takes up 
moisture. The maximum value or the swelling pressure will vary with 
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the nature of the clay mineral and of the absorbed bases. It will 
increase with the activity of the clay mineral. The addition of a 
stabilizer may affect the swelling properties of the clay. An 
electrolyte, such as hydrated lime, can play an important, though 
generally limited, role in stabilisation. The common principle involved 
(1) All references are listed in Bibliography. 
is ionic exchange, though such others may feature as a change in 
hygroscopicity, a lowering or the freezing point, the possibility of 
increased maximum deaaities and shearing resistance, and retardation 
of evaporation by crystallization within the capillaries. 
A considerable amount of work has been conducted by numerous 
investigators to determine the suitability of lime as a soil-stabilizing 
agent. Some bonding of soil has been obtained using lime treatments 
of 6 percent and higher, but the samples are particularly susceptible 
to the disintegrating action of cycles of freezing and thawing. 
Numerous additives have been used in an effort to improve the soil-
stabilizing characteristics of lime. The physical properties of 
plastic soils are considerab1y modified by the addition of small 
quantities of lime. The plasticity is reduced and the soils become 
more friable and are much easier to mix ani mold to uniform density. 
In the Engineering Experiment Station of Purdue University the 
experiments were organized in three broad parts on the basis of soil 
types used. The tests in Part I were run on tine-grained soils. 
Tests in Part II were performed on naturally-occuring gravels and 
those in Part III on synthetic gravel-binder mixes. Part I contained 
a plastic index series and a compaction test series. Parts II and Ill 
consisted essentially of strength determinations after varied curing 
conditions. The 25 fine-grained soils varied in texture from sand to 
c~, in plastic index from 3 to 40, in formation from residua1 to 
windblown. Ten of the soils were residual from bedrock areas, eight 
were glacia1 dritt soils, three were coastal plain deposita, and the 
remaining four were wind or water deposited. Liquid limit and plastic 
limit tests were per£ormed and plastic i ndex determinations were made 
for each o£ the soils with no admixture, and with 2 and 5 percent of 
hydrated lime. In each case, the teat was begun inmediately af'ter 
adding water to the soil. The lime in each instance was mixed dry 
with the soil. To determine whether time of standing wou1d have any 
e££ect upon the plastic index or change the e£fect o£ the lime added, 
16 or the soils were tested at 7 and 14 days af'ter water was added to 
the raw soil or to the lime-soil mixture. The table of results show a 
Slight increase in the plasticity index for the specimens tested 14 
d~s after water was added. 
The compaction-test series on the fine grained soils used 11 
different soils. Using standard Proctor procedure, moisture-density 
curves were obtained for each of the 11 soils. Similar curves were 
made trom results of compaction of the soil with 2 percent ot hydrated 
lime added and again with 5 percent of lime. Penetrometer readings 
were taken on all compacted specimens. Nine of the soils showed 
decreases in maximum dry density, varying f'rom 0.3 to 3.9 percent with 
2 percent or lime and from 0.9 to 5.5 percent with 5 percent of lime .. 
The remaining two soils showed slight increases, up to 1.2 percent, in 
ma.ximum dry density with increases in lime. The plastic indexes of 
these soils varied from 3 to 27 and the densities from 89.4 to 113.9 lb. 
per cu. ft. One o£ the soils which showed an increase in density with 
lime was the one with raw density o£ 113.9 lb. per cu. ft. The other 
soil which showed an increase in density had an original density of 
101.6 lb. per cu. ft. There is no apparent correlation between change 
in density with lime and either plasticity or dry density. The only 
evident trend is a lowering of maximum dry density with additions or 
lime. 
Curves of penetration resistance readings on all compactions 
were plotted. Insofar as the resistance to the penetration of the 
needle is a measure of the strength of the specimen, the penetration 
plots indicate that the addition of lime adds to the strength or the 
soil, even though the density is less. Nine or the eleven soils used 
evidenced increased resistance to penetration resulting from the use 
ot lime at all moisture contents used. The remaining two soils showed 
some variation at the lower moisture contents but appeared stronger 
with lime at the optimum moisture content (2). 
Arter the various experiments conducted, it was considered 
advisable to investigate the durability of lime-soil mixtures. A 
series of freezing-and-thawing tests were made on various combinations 
of lime, bituminous materials, and soil. These tests indicated that 
the lime and the bituminous material.s, when used together, increased 
the durability or the soil appreciably. Lime-soil mixtures alone, 
however, appeared to be susceptible to freezing and thawing. 
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For some years, dissatisfaction has been expressed by some 
engineers with respect to the methods of testing stabilized soil 
specimens tor durability. Durability has generallY been determined by 
freezing-and-thawing or wetting-and dr;ying tests in combination with a 
loss-of-weight test. Objections to the brushing test often used in 
conjunction with the loss-of-weight test have centered, primarily, about 
the large personal element involved, the difficulty in obtaining 
comparable r esults when different operators perform the test, and the 
contention that such a test sets up artificial conditions which are not 
approximated in field exposure. It is argued that the removal at the 
end of each cycle, by brushing, of the deteriorated material is unduly 
severe in that the sound portion of the specimen is always full.y 
exposed to the freezing-and-thawing action. Under tield conditions 
this situation is not like~ to occur. 
During the past few years numerous advances have been made in 
the dynamic nondestructive testing of the materials. One of the 
instruments recent~ developed which shows considerable promise is the 
soniscope. This instrument measures the velocity with which minute, 
pulsed vibrations travel through the test specimen. 
Experiments, on the durability characteristics of lime-soil 
m:i..xtures, were run in the laboratories of the Joint Highway Research 
Project, Purdue University. The results of the soniscope test were 
compared to the results of the brushing test. Results indicated that 
measured changes in velocity were at least as indicative of changes in 
the condition ot the specimen as was loss in weight due to brushing. 
The results obtained showed that lime in quantities of 5 percent, or 
more, by weight, great~ increased the durability of the lime-soil 
mixtures, the greater the lime content the greater the durability; 
10 
2 percent lime did not appreciably alter the durability characteristics 
ot the soil (J). 
Construction of the first of three record-sized lime stabilization 
jobs was recently in full swing on the new Dallas-San Antonio interstate 
11. 
freeway in Texas. When completed, the three projects will have consumed 
about 17, 600 tons ot hydrated lime for stabilizing weak, highly plastic 
clay sub grades. 
The first project, which commenced in January 1957, involves 5, 700 
tons of lime in a 14.4 mile long section. The thickness design tor 
this project is based on the Texas tri-axial method. It calls tor a 
6 inch lime-stabilized subgrade; an 8 inch (or 4 inch) foundation stone 
subbase; a 12 inch t'lexible stone base; and a 4 inch pavement of hot 
mix asphaltic concrete. Had lime stabilization not been used, the 
design would have required an additional 4 to 6 inch of foundation stone 
in order to accoiDD.odate the hea"Y design wheel loading. Lime was being 
used in about 12 miles ot the project, with individual sections con-
taining 6, 4, or 3 percent of lime by weight. The larger applications 
were made in the exceptionally highly plastic clays, which have PI's as 
high as 50. As a result of stabilizing the weak in-place soil in this 
manner, the sub grade has been transformed into a uniformly strong and 
stable working table tor supporting the base courses and the pavement. 
At the same time, lime stabilization has contributed to construction 
economy by minimizing delays and aiding pulverization. Delays were 
minimized because the compacted lime-stabilized base tends to shed 
rainfall and to dry out quickly. 
Texas tri-axial tests made on selected raw material ~les 
indicated that more than 80 percent of the section was either Class 
5 and Class 6 material, according to the Texas classification (4). 
Arter lime was added, each soil showed considerable improvement • The 
PI and linear shrinkage values were reduced 1/2 to 1/4 of raw 
material, and unconfined compressive strengths were increased. In 




The tests outlined in this research were conducted on a Putnam 
Clay obtained one mile north of Fulton, Missouri. 
Putnam subsoil is a gray-brow.n silty clay of glacial and 
loessial origin which has been developed by a pod.solic type of 
weathering. The mineral composition of the different size tractions 
of the soil has been determined previously by Marshall ( 5). Size 
fractions from 0.2 nm to 0.02 nm contain 80 percent oligoclase, 3 
percent montmorillionite and the remainder is muscovite, glaucophane, 
tourmaline, diopside and limonite. Size fractions from 0.02 mm to 
0.5 ~contain chiefly, albite and a little montmollionite. Felspar 
is the predominant mineral for size fractions trom 5 fA to 2 ~· ( 6). 
The following mechanical characteristics of this particular 
soil were obtained by the standard testing procedures. 
The mechanical anal,ysis was conducted in accordance with the 
A.A.S.H.O. Standards, Designation: T 88-57 (7), and the particle-size 
distribution curve was plotted, Figure 1. The results are shown in 
Table I. The grain diameter curve shows a high clay content soil, 
unstable in wet weather due to excessive volume change ( 8). 
Liquid limit and plastic limit tests were performed according 
with the A.A..S.H.O. Standards, Designation: T 89-57 and T 90-56 ( 9), 
and were found to be respectively 73.7% and 39.0%. 
The plasticity index of the soil was calculated in accordance 
with the A.A.S.H.O. Standards, Designation: T 90-56 (10) and was found 
to be 35 ~percent. 
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Shrinkage properties of the soil were determined according to 
the A.A.S.H.O. Standards, Designation: T 92-49 (ll). 'lb.e shrinkage 
limit and the shrinkage ratio were found to be 9.~ and 1.95 re-
spectively. 
This soil with a liquid limit of 73.7, a plasticity index of 
15 
35 and with (:{) percent passing No. 200 U. s. Standard Sieve, cl&ssiti .. 
as a A-7-5 soil in accordance with the A.A.S.H.O. Standards tor the 
Classification of High'WIQ" Subgrade Materials (12). The typical material 
in this classification has moderate plasticity index in relation to the 
liquid limit, and m~ be highly elastic and subject to considerable 
volume change. 
This same soil classifies also as a E-ll soil according to the 
CAA System tor \he Classification of Soils tor Airport Construction 
(13). Group E-ll includes the silty clay and cl.cQ' soils that form 
hard clods when dry ani are very plastic when wet. They are very 
compressible: possess the properties of expansion, shrinkage, and 
elasticity to a high degree: and are subject to trost heave. Such 
soils require careful control of moisture to produce a dense, stable 
fill. 
The specific gravity of the soil was determined in accordance 
with the ASTM Standards, Designation: D854-52 (14), and was found to 
be 2.65. 
The hydrated lime used for this research was manufactured by 
the Ash Grove Lime and Cement Company, Kansas City, Missouri. 
Th.e quicklime used in this investigation was provided by the 
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50.0 :::: ms. 
3fo 
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HYDROI't.ETEF CORRECTED PARTICLE PERCE~"T TEMP. DIAl-iETER READI NG READING IN MM. PASSING 
35.5 . 21.5 36.2 0 .03(8 7 9 .0 
· .~~. 
31.0 2 1.5 31.7 0. 0274 70.0 
-
27.5 21.5 28 .2 0.0176 62.0 
23.1 21.5 23.9 0.0106 52.5 
2 1.0 20. 8 21.4 0. 007 4 47.0 
19 . 9 1 9 . 1 19 . 9 0 . 0053 44.0 
12 . 5 14 . 3 - 4 14.5 11 • 0 10 3 1. 0 
Table I 
RESULTS OF THE HYDROMETER TEST 
CHAPTER IV 
EXPERIMENTS AND PROCEDURE 
The properties chosen tor comparison being plasticity index, 
shrinkage limit, shrinkage ratio, unconfined compressive strength, 
cohesion, and angle or internal friction, the following experiments 
were performed throughout this research: 
1. Liquid Limit Test 
2. P1astic Limit Test 
J. Shrinkage Test 
4. Unconfined Compression Test 
5. Triaxial Compression Test 
The above listed tests were conducted first tor raw soi1, and 
then for soi1-hydrated 1ime and soi1-quick1ime mixtures. The per-
centages of additive by weight were 2, 4 and 6. 
The soi1, upon being brought into the 1aboratory, was air dried 
and sieved. For the t1r8t three tests all material retained on the 
U. S. Standard Sieve No. 40 was discarded. The soil was then 
thoroughly dry mixed with the proper amount or additive. 
Liquid 1imit and p1astic limit tests tor the various mdxtures 
ot hydrated 1ime and quick1ime were made. In each case, the test was 
begun immediately after the addition ot water. The resu1ts or these 
tests are reported in Tab1e II. The graphs tor the liquid limit are 
shown in Appendix A. 
1_8 
ADDITIVE NO. OF MOISTURE L.L. P.L. % BY WT. BLOWS CONTENT P.I. 
40 72.4 





34 57.2 58.2 49.6 9 
Hydrated Lime ' 
20 58.8 
36 53.8 
4% 23 55.1 55.1 53.5 2 
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Table IX~ RESULTS OF LIQUID AND PLASTIC LIMIT TESTS 
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Also shrinkage limit and shrinkage ratio determinations were 
made for each admixture. The results of the determinations are listed 
in Table III. Figures 2 and 3 show treated and untreated soil pats for 
the shrinkage tests. Specimens for the compressive strength tests were 
1 5/16 inches in diameter and 2.816 inches in height. Specimens ot this 
relatively small size are suitable as the soils used in the compressive-
strength test are tine textured and do not contain material retained on 
No. 4 U. S. Standard Sieve. As this size sample also facilitates the 
testing procedure it has found tavor with some investigators in the 
soil stabilization field. 
For the compressive strength tests soil and additive were dry 
mixed. The proper amount or water was then mixed with the material to 
obtain a uniform mixture near optimum moisture content. Inmediately 
atter mixing, the moist mixture was used tor molding the test speci-
mens. The mixture was compacted in the mold in three lqers, twenty-
five tamps per layer in accordance with the reooumended procedure (15). 
The molding apparatus shown in Figure 4 was used to compact the 
specimens to near staniard proctor density. The specimens were cured 
for 7 days. Almost all of the specimens containing quicklime as an 
additive, disintegrated during the 7 day curing period, consequently 
compressive strength tests were performed on hydrated lime-soil 
mixtm-es only. 
The unconfined compression tests and triaxial compression tests 
on the different mixtures were conducted using the conventional equip-
ment shown in Figure 5. Lateral pressures of 20 and 40 pounds per 
20 
ADD I TIVE 3HRI i\l\AG:S .SHrti NKAGE 
of 
i" EY \vT . LDHT RAT IO 
None 9 .2 1. 95 
2/~ 13.5 1.79 Hyd rated Lime 
4;~ 
28 .2 1 • 41 Hyd rated Lime 
6'1 ;o 33.8 1. 30 Hydrn ted Lime 
2 -~ /0 2 9 .2 1. 41 
~uic1{11me 
4rz' ,o 
33.2 1. 30 ~u1ckl1me 
6 <Jf Jo 36 . 3 1. 28 ~u1ckl ~Lme 
Table III 
RESULTS OF SHRINKAGE TESTS 
Figure 2 




TREATED AND UNTREATED SOIL PATS FOR SHRINKAGE TESTS 
square inch were used. Four samples or the same admixture were tested 
for each lateral pressure. The tests were run at a deformation rate or 
0.05 inches per minute. Typical failures or the triaxial compression 
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F'1 gure 6 
TRIAXIAL COMPRESSION FAILURES FOR UNTREATED SOIL 
F,igure 7 
TRIAXIAL COMPRESSION FAILURES FOR TREATED SOIL 
CHAPTER V 
ANALYSIS OF RESULTS 
The purpose of the subgrade treatment, is to change the su-
pporting quality of the subgrade to a depth sufficient to alter 
appreciably the load distribution over the surface of the natural 
soil. Essentially this change may be produced in three ways. 
1. By lowering the moisture capacity of the soil, we prevent 
the loss of cohesion due to saturation. 
2. By introducing cohesion into cohesionless soils or by in-
creasing cohesion in feebly cohesive soils. 
3. B,y increasing internal friction in cohesive soils. 
Admixtures and subgrade JaDipulationa are used in attempts to 
accomplish these purposes. The results of this research will be 
analysed to see if the above st.&t8Bl8nts are satisfied. 
As a soil changes consistancy, its engineering properties also 
change. Since consistancy varies in part with the water content and 
also with the degree of saturation, it is possible in some instances 1D 
use water content as an index of consistancy. 
Fine grained soils, which are our primary interests, may exist 
in four different states of consistency; these are the liquid, the 
plastic, the semisolid and the solid states. Moisture contents at 
which soils change from one state to another are named the liquid limit, 
the plastic , l.ild.t., and the shrinkage limit. The plasticity index being 
the range of moisture content through which the soil is plastic, we can 
say that the moisture capacity of the soil is lowered by lowering the 
plasticity index of the soil. This is accomplished by lowering the 
liquid limit and increasing the plasticity limit. 
Table II shows the beneficial drop of the plasticity index due 
to the addition of either hydrated lime of quicklime to the soil. The 
addition of either additive lowers the liquid limit and increases the 
plastic limit. Starting with a plasticity index of 35 percent for the 
raw soil, a 0 percent plasticity index is reached by adding the proper 
amounts of either stabilizer mentioned above. Two percent ot ~~ted 
lime reacts more effectively than quicklime on the liquid limit of the 
mixture, thus reducing more rapidly the plasticity index, than the 
addition of an equal percentage of quicklime. The plasticity index 
being nine percent with hydrated lime as admixture, it is sixteen per-
cent with quicklime. The plastic limit percentages do not show big 
differences between the same percentages of different additives. Four 
percent of either additive react similarly,giving the same plasticity 
indexes. Both mixtures containing six percent hydrated lime or six per-
cent quicklime have the same liquid limit, the same plastic limit and 
the plasticity index for both mixtures is 0 percent. 
Having reduced to 0 percent the plasticity index no more tests 
were conducted with higher percentages of additives. The addition of 
6% of hydrated lime or 6% of quicklime to the soil changes it from a 
Group A-7-5 soil to a Group A-5 (12) soil. The typical material of 
this group is usually highly elastic, as indicated by the high liquid 
limit. The soil has been changed to a rather friable and quite stable 
material when dry or at low moisture contents. The original soil 
possessing no capillary rise, now capillary forces acting on the soil 
are strong ani .f'rost heave is of' severe character. By mixing 6 percent 
of' either additive with the soil its group index has been changed !rom 
16 to 6. Since the range o! group-index values tor A-5 soils is 0 to 
12, the value 6 indicates that this soil is about midway between the 
best and the poorest of A-5 soils. 
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The shrinkage limit is the moisture content of the soil at which 
further reduction in moisture is not accompanied by a reduction in 
volume.. Below the shrinkage limit, a cohesive soil has the properties 
ot a solid, and. develops its maximum bearing capacity and strength. For 
a fine grained soil the bearing capacity and strength values depend on 
the bonding power of the fine clay and colloidal matter in the soil. 
It is then advantageous to raise the shrinkage limit ot the soil. A 
soil which has higher shrinkage limit than another soil, means that 
volume reduction is less, while the moisture content at which volume 
reduction ceases is higher. 
The addition of hydrated lime or quicklime to the soil under 
study' increases the shrinkage limit and our object is satisfied. 
Addition ot quicklime reacts more effectively than hydrated lime on 
the shrinkage limit, see Table III. Two percent of quicklime as an 
additive in the soil gives the same results as 4 percent of hydrated 
lime. Starting with a shrinkage limit or 9.2 percent for the raw soil 
we end up with a shrinkage limit ot 33.8 percent !or the mixture with 
hydrated lime and a value or 36.3 percent for the mixture having quick-
lime as an additive. In the low percentage range o! additives the 
•hrinkage limit between the two different mixt.ure• 1• more pronounced, 
increasing the percentage o~ the additive causes these values ot 
shrinkage limit to come closer together, see Table III. Table III 
also shows values o~ the shrinkage ratios ~or different percentages 
of di~~erent admixtures. I~ the soil is to be improved the shrinkage 
ratio must decrease, being that it is deti.ned as the ratio o~ the 
volume change to the moisture content. 
Similar to the shrinkage limit, shrinkage ratio values improve 
with the addition o~ either hydrated lime or quicklime to the soil. 
All values in Table III indicate that quicklime is more ettecti ve than 
hydrated lime on the shrinkage properties, but both admixtures gi. ve 
the desirable results. 
As it was mentioned in the previous chapter, the specimens with 
quicklime as an additive disintegrated while in the curing room, see 
Figure a, atter these specimens were prepared tor the compressive 
strength teats. Disintegration was due to the reaction ot some tree 
calcium oxide particles, with the moisture in the curing room. The 
results of the unconfined compression tests are shown in Table V. 
The addition of hydrated lime increases the unconfined compression 
strength of the soil. An increase of 79 percent is observed in the 
unconfined compressive strength by adding 6 percent of hydrated lime. 
Tables IV and V show the results ofthe triaxial compression 
tests on the untreated soil and soil-hydrated lime mixtures • The 
angle of internal friction is greatly influenced by the addition of 
hydrated lime. originally the untreated soil had an angle of internal 
friction of 8.7 degrees, 6 percent of hydrated lime raised thi• value 




DISINTEGRATED SPECIMEN HAVING Q.UICKLINE AS AN ADDITIVE 
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FAILU RE STRESS~S 
ADDITIVE LATEF~L STRAI N AXIAL 
~'& BY \'iT. PHESSURE AT FtiLURE LOAD 
PSI 1 o- n~ . PSI 
0 50 94 
None 20 65 120 
# 
40 80 148 
0 30 128 2 (!'1' / () " 20 45 164 
Hydro. ted Lime 
40 65 200 
0 64 148 
4% 
20 50 192 
Hydrated Lime 
40 108 240 
0 98 165 
6% 96 20 220 
Hyd r ated Lime 
106 40 275 
Table IV 
RESULTS OF THE COMPRESSIVE STRENGTH TESTS 
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ADDITIVE ULTI HATE COH:!:SION FRICTI ON 
. ..-' ST !1;:!; SS* c ANJ.LE jo 
BY rr PS I PSI ¢ DEGREE f l ..... 
r:one ?4 41 8 .-7 
. 
2;,: 
128 49 16 .3 
Hydra ted Li ;r;e 
4;; 
148 50 23.2 
Hyd r ·' ' '·~d Lime 
f. :f ~ 
168 51 28 .2 
Hydr.:l."ted Lime 
* Ul t i mate Stre ss f or t h e Unc onf i ned Comp r ession Te s t 
Table V 
RESULTS OF THE COMPRESSIVE STRENGTH TESTS 
an increase in the shearing strength o! the soil, the increase in 
· angle o! friction is also an important .feature because shearing stress 
yields almost all o! the strength to be found in moist soils. Two 
percent or hydrated lime raised the cohesion !rom 41 to 49 pounds per 
square inch. Further additions or hydrated lime did not cause any 
changes to the cohesion. 
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Stress-strain curves tor the compressive strength tests are 
shown in Appendix B. The curves drawn !or the untreated soil show 
plastic deformation failures. Specimens with 2 percent hydrated lime 
show a non-plastic type or failure, but when lateral pressures are 
applied plastic detornation failures occur. Specimens having additives 
or 4 and 6 percent tail with a non-plastic deformation. 
CONCLUSIONS 
The work which is presented in this study has been perf'ormed to 
determine the feasibility of stabilizing a swelling Putnam clay by the 
addition of' calcium hydroxide or calcium oxide. 
In this research certain noteworthy results were obtained, which 
may be summarized as follows: 
1. A swelling Putnam clay can be stabilized by the addition of 
six percent by weight of either calcium hydroxide or calcium oxide. 
2. The engineering properties ot the soil were radically altered 
through a base exchange ot the absorbed ions. 
3. Additions ot six percent by weight of either hydrated lime 
or quicklime reduced the plasticity index o! the soil to zero. When 
less than six percent additive was used hydrated lime proved to be 
more effective in reducing the plasticity index. 
4. The addition of quicklime yielded a more pronounced bene-
ficial effect on the shrinkage ratio and. shrinkage 11mit o! the soil. 
Hydrated lime, while not as ef'fecti ve as quicklime, gave satisfactory 
improvements in the soils shrinkage properties. 
5. The unconfined compressive strength of the soil increased 
with an increase in the percentage of the additive used. 
6. The addition of nydrated lime does not affect the cohesion. 
On the other hand the angle of internal friction increased trom eight 
degrees tor the raw soil to twenty-eight degrees att.er six percent by 
weight of hydrated lime had been added • 
Because of the extremely variable and complex chemical 
characteristics of different soils, it is probable that no univers~ 
suitable stabilizing agent will be round. 
It shoul.d be mentioned at this point that the information ob-
tained from this study will be used for additional research on the 
stabilization of gwelling clay soil by the addition of either calcium 




GRAPHS OF LIQUID LIMIT TESTS 
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LI~UID LIMIT ON 
SOIL 
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